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ABSTRACT

Heart failure is a common condition which carries a high mortality and morbidity. Despite
improved medical therapy the outcomes for heart failure with a reduced ejection fraction
remain poor. Cardiac resynchronisation therapy has revolutioned the treatment of patients
with heart failure with a reduced ejection fraction and dyssynchrony, refactory to medical
therapy, improving morbidity and mortality. Unfortunately a significant minority fail to

respond to this expensive therapy, which is challenging for both the patient and society.

Over the last 15 years research has focused on attempting to predict non-response.
Evidence suggests wider QRS duration and bundle branch morphology on the resting
electrocardiograph are the most important predictors of response and outcome following
implantation of a cardiac resynchronisation device. However, the non-response rate

remains unchanged despite extensive research.

Molecular systems have been shown to alter with the development and progression of
heart failure. Many of these systems are now utilised in the diagnosis and prognostication of
heart failure. Cardiac resynctonisation therapy device implantation has been shown to alter
these dysregulated molecular systems. Specific circulating biomarkers reflect these
respective systems. Cardiac extracellular matrix is a dynamic support structure that has
altered turnover in heart failure and is affected when cardiac resynchonisation devices are
implantted. Micro ribonucleic acids have been observed recently to be important in

molecular systems regulation and dysregulation has been observed in heart failure.
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Futhermore altered expression following cardiac resynchronisation therapy device
implantation has been reported. The evidence suggests circulating biomarkers for these
systems have the potential to predict response. Our prospective study examined specific
biomarkers that the literature suggests has the potential to predict response, but the
evidence is currently inconclusive. Moreover we utilised other important patient variables
known to be predictors from the wider literature and our own retrospective cohort analysis
of response to test alongside specific circulating biomarkers. We offer an informed pilot
study to test important circulating biomarkers for their clinical ultility to predict heart failure

patient’s ability to respond to cardiac resynchronisation therapy.
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Chapter One

INTRODUCTION AND BACKGROUND
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1.1 HEART FAILURE

Chronic Heart Failure (CHF) is a common condition defined as an abnormality in cardiac
structure and function that leads to the inability of the heart to deliver adequate levels of
oxygen to match metabolic demand of the tissues.? Patients suffer from a plethora of
symptoms including breathlessness, ankle oedema and fatigue.” Heart Failure (HF) affects
800,000 people in the UK alone.”® The estimated lifetime risk of developing HF in the
general population is approximately 1 in 5 for a person aged 40 years.’ Adjusting for age,
the incidence of HF has remained stable over the last 20 years, but the prevalence continue
to increase.” One of the largest drivers on the increasing burden of HF in the developed
world is ischaemic heart disease (IHD).° HF is associated with a high mortality with an
estimated 30-40% mortality rate within the first year of diagnosis.” However, there is an
improving trend in mortality demonstrated by the six month survival rate decreasing from
26% in 1995 to 14% in 2005.% The HF burden has implications for national health systems as
it accounts for 5% of all acute medical and geriatric hospital admissions and is the
commonest hospital admission cause in the over 65 year old population. It is estimated that
hospital admissions due to HF will rise by 50% over the next 25 years.* The burden has
eased slightly with an age—adjusted hospitalisation rate having decreased by 1-1.5% per
annum since 1992/1993.% The improvements in mortality and hospitalisation is due to
more effective treatments,”*™* however the burden of the aging population and improved

survival from HF means it remains a significant problem.
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1.1.1 Reduced Ejection Fraction Heart Failure and Cardiac Dyssynchrony

Many patients with HF with reduced ejection fractions (HFrEF) develop dyssynchronous
contraction of the heart due to damage of the underlying conduction tissue leading to
inefficient cardiac contraction that leads to symptoms. Cardiac dyssynchrony is a complex
and multifactorial process which impacts function.” Prolongation of the atrioventricular
interval, can encroach on the starting of systole and filling within early diastole.” Ventricular
contraction being delayed, the left ventricle (LV) diastolic pressures will exceed the left atrial
pressur